
Introduction

In developing countries of the Middle East,
parasitic infections have considerable impact on the
quality of lives in human and livestock. By stealing
nutritional resources via several pathways, parasites
have a remarkable impact on one billion people
worldwide, who rely on livestock for their
livelihoods [1]. Among parasitic infections in
livestock, nematodes are probably the main health
challenge in ruminants. By threatening the health
and welfare of domestic animals, nematode
infections undermine livestock production. They are
omnipresent and principally all grazing livestock

are exposed to nematode infections [2].
Trichostrongylid nematodes are parasites of the
digestive tract of ruminants, with many species
having dramatic effect on health of human as well,
especially on those who live in close contact with
infected animals [3,4]. Haemonchus contortus feed
on blood of host animal, and heavy infection with it
causes severe anemia and even death in the animal.
Other nematodes as Trichostrongylus spp. and
Teladorsagia circumcincta inflict damage to
gastrointestinal cells and to digestion mechanism
[3,4]. 

Several morphological and morphometric
methods are employed to identify parasitic
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abomasum nematode species in Urmia (Iran) and Soran (Iraq) slaughterhouses from October 2019 to January 2021. A
total of 280 abomasa (each city 140 samples) were randomly collected from the slaughtered sheep. The abomasal
content and mucosa were removed and washed. The collected nematodes were morphologically identified. Genomic
DNA was extracted from identified nematodes and a fragment from the internal transcribed spacer 2 ribosomal
ribonucleic acid (ITS2-rDNA) gene was amplified. In Urmia city, two species including Teladorsagia circumcincta
(40.7%), and two morphotypes of Marshallagia species; Marshallagia marshalli (35.0%) and M. trifida (4.3%) were
identified. In Urmia city, 52.9% of the examined sheep were infected with at least one species of nematodes. The overall
prevalence of abomasa infection with nematodes in Soran city was 91.4%. In the examined sheep abomasa in Soran
city, four species of nematodes were identified, including Marshallagia species with two morphotypes, M. marshalli
(85.0%) and M. trifida (20.7%), Teladorsagia circumcincta (32.1%), Parabronema skrjabini (1.4%), and Haemonchus
contortus (0.7%). Except for H. contortus, all the other identified nematode species were confirmed using molecular
techniques. It was concluded that abomasal nematode infections are widespread in sheep particularly in Soran city.
Marshallagia marshalli and T. circumcincta were most prevalent nematodes in both regions. In addition, further
molecular studies are recommended to understand the intra-specific variations in the genus Marshallagia and more
accurate identification of morphotypes in these regions.
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nematodes. Faecal egg counts through microscopy
is a common method to monitor gastrointestinal
helminth infections. However, this method is time-
consuming and often falls short of correct
identification of adult nematode species, especially
that of the trichostrongylids, due to the apparently
similar eggs and larvae [5]. Molecular techniques
such as PCR, PCR-RFLP and phylogenetic analysis
are applied for the classification of parasitic
helminths and studying their genetic diversity [5].

Internal transcribed spacer (ITS) 1 and 2 regions
in ribosomal DNA (rDNA) are widely studied
regions in phylogenetic analysis of gastrointestinal
nematodes [6]. Understanding the diversity and
epidemiology of the digestive tract nematodes on
pasture are necessary for the launch of control
programs [7].  Livestock husbandry is an important
economic dependency of people living in Urmia
(north-west Iran) and Soran (north-east Iraq). Yet,
there is a lack of information about species diversity
of nematodes in the abomasa of sheep in these
regions. The current study was aimed at identifying
species diversity of helminth parasites in the region
by applying both morphological and molecular tools.

Materials and Methods

Study areas and nematode collection/identification
In the present study sheep abomasa were collected

from slaughtered sheep at slaughterhouses in Urmia
(Iran) and Soran (Iraq). These two regions have an
estimated three million and two million sheep,
respectively [8,9]. During the course of this study, a
total of 280 abomasa (each city 140) were randomly
collected from slaughtered sheep (158 males and 122
females). The abomasa were tied off at both ends and
transferred to the Parasitology laboratory at Urmia
University, Iran and Biology laboratory at Soran
University, Iraq. The recovered nematodes from
examined sheep abomasa were relaxed at 4°C in
physiologic serum (0.85%) for 24 h. Worms were
counted, then fixed in 70% ethanol, and finally
cleared in lactophenol for identification [10,11].

DNA extraction and PCR amplification of ITS2-
rDNA

Soft tissues of identified nematodes were fixed
in 70% ethanol and then they were dissected and
washed several times in phosphate-buffered saline
(0.01M, pH 7.2). The washed soft tissues were
stored at −20°C until they were used for DNA
extraction. Genomic DNA extraction was

performed for each identified species using DNA
Extraction kit DNP (SinaClon, Iran) according to
the manufacturer’s instruction. Specific primers
including forward (5´-CCTGGTTAGTTTCTTTTC
CTCCGC-3´) and reverse primers (5´-CGGTGGA
TCA CTCGG CTCGT-3´) for P. skrjabini and NC1
(5´-ACGTCTGGTTCAGGGTTGTT-3´) and NC2
(5´-TTAGTTTCTTTTCCTCCGCT-3´) for T. circu -
mcincta, M. marshalli and M. occidentalis were
used for the amplification of the ITS2-rDNA gene
[12,13]. PCR reaction was prepared in 50 µl
reaction mixture containing 5 µl (100ng) of
genomic DNA, 25 μl 2× Master Mix (Pishgaman-
Iran), and 2 µl of each primer (concentration: 10
pm/µl) and distilled water (16 μl). The PCR reaction
was performed in peqStar 96 Universal gradient
thermal cycler (Peqlab, Germany). The samples
were subjected to an initial denaturation step at
95°C for 5 min, followed by 35 cycles of 30 sec at
95°C, 30 sec at 50°C and 1 min at 72°C, and a final
extension step at 72°C for 7 min [14]. The thermal
cycles for the amplification of ITS2-rDNA gene
from P. skrjabini was programmed as an initial
denaturation step at 94°C for 3min, followed by 40
cycles of 95°C for 30 sec, 50°C for 30 sec, and 72°C
for 1 min, and a final extension step at 72°C for 7
min [12]. A volume of 10 µl of each PCR product
was analyzed by electrophoresis on 1.5% (w/v)
agarose gel. The gels were stained with ethidium
bromide (0.5 µg ml-1) and visualized under UV
light (FastGene® FAS-DIGI PRO-Germany).

Nucleotide sequencing and phylogenetic analysis
The amplified PCR fragments from each

nematode species except for H. contortus were sent
to Kawsar Biotech Company (Iran) for nucleotide
sequencing. The PCR fragments were sequenced
from both directions. Both forward and reverse
sequences were assembled and edited using
SeqMan II module of Lasergene (version 7.1; DNA-
STAR, Madison, USA). The sequence divergence of
the isolates was calculated using MegAlign module
in the same package. The obtained sequences from
the present study were aligned and compared with
the deposited ITS2 rDNA sequences of nematodes
in GenBank using Clustal W. Phylogenetic tree was
constructed using maximum likelihood method by
applying Kimura 3-parameter model in MEGA X
Software (version 10.0; Bio design Institute,
Tempe, USA) [15,16]. All positions containing gaps
and missing data were eliminated (complete
deletion option). The statistical significance of
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branching orders was calculated by the bootstrap
resampling process (1000 replicates).

Statistical analysis
Statistical analyses were performed using SPSS

statistics version 22.0 (IBM Corp., NY, USA). The
differences between groups were evaluated by Chi-
square test. A P-value of less than 0.05 was
considered statistically significant.

Results

Frequency of nematode infection 
Almost two-third (72.2%) of examined sheep

abomasa were infected with nematodes. Four
different species of abomasum nematodes were
identified (Fig. 1). Marshallagia marshalli was the
most prevalent specie, infecting 168 (60.0%) of the
examined sheep, followed by T. circumcincta
infecting 102 (36.4%) sheep (Tab. 1). The frequency
of infection in female sheep (82.3%) was
significantly higher than male sheep (63.9%)
(P<0.05).

Out of 140 collected abomasa from Urmia city,

infected male and female sheep were 40.0% and
12.9%, respectively. Two species of nematodes
including T. circumcincta and two morphotypes of
Marshallagia marshalli (M. marshalli and M.
trifida) were identified. Teladorsagia circumcincta
(40.7%) was the most prevalent nematode infecting
sheep, followed by M. marshalli (35.0%) (Tab. 1). 

The prevalence of nematode infection in Soran
was 91.4% which was significantly higher than
nematode infection of sheep abomasa in Urmia city
(52.9%) (P<0.05). In Soran city M. marshalli was
the predominant nematode infecting the abomasa
(Tab. 1). The frequency of infected male and female
sheep with abomasum nematodes were 45 (32.1%)
and 83 (60.1%) respectively, with significant
difference (P<0.05) (Tab. 1). Four species of
nematodes were identified, i.e., M. marshalli (both
morphotypes), T. circumcincta, Haemonchus conto -
rtus and Parabronema skrjabini. Marshallagia
marshalli was the predominant specie in abomasa of
sheep in Soran city infecting 85% of all examined
sheep followed by T. circumcincta (32.1%).
Haemonchus contortus and P. skrjabini were found
in one and two sheep respectively in this area. Co-
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Table 1. Prevalence and species diversity of nematodes in abomasa of slaughtered sheep in Urmia and Soran cities

* Percentage of infected animals calculated from total overall (n=140)

City 
(No. of examined
sheep)

Nematodes
No. of infected sheep

Male* Female* Total*

Urmia 
(Male=105)
(Female=35)
(Total=140)

M. marshalli 56 (40%) 18 (12.9%) 17 (12.1%)

T. circumcincta 19 (13.6%)

M. marshalli and T. circumcincta 32 (22.9%)

M. trifida and T. circumcincta 6 (4.3%)

Total 74 (52.9%) 74 (52.9%)

Soran 
(Male=53)
(Female=87)
(Total=140)

M. marshalli 45 (32.1%) 83 (60.1%) 57 (40.7%)

T. circumcincta 7 (5%)

M. trifida 2 (1.4%)

M. marshalli and T. circumcincta 33 (23.6%)

M. marshalli and M. trifida 21(15%)

M. marshalli and P. skrjabini 2 (1.4%)

M. marshalli, M. trifida and H. contortus 1 (0.6%)

M. marshalli, M. trifida and T. circumcincta 5 (3.6%)

Total 128 (91.4%) 128 (91.4%)



infection of nematodes was observed in 62 (48.4%)
abomasa, with co-infection of M. marshalli and T.
circumcincta being observed in 33 (25.8%)
abomasa. 

Molecular and phylogenetic findings
DNA extracted from all morphologically

identified nematodes except for H. contortus
produced fragments of 309 bp for P. skrjabini and
272 bp for other species. Comparisons of the ITS2-
rDNA sequences in the present study with other
available ITS2 sequences in GenBank, indicated
that identified nematodes had great similarity (more
than 99.00%) with nematodes in the other parts of
the world. Sequences from the nematodes identified
in the present study were deposited in GenBank with
the following accession numbers: M. marshalli
isolate MMUrmia: MZ148588, M. trifida isolate
MOUrmia: MZ148613, T. circumcincta isolate
TCUrmia: MZ148623, M. marshalli isolate
MMSoran: MZ148587, M. trifida isolate MOSoran:
MZ148614, P. skrjabini isolate PSSoran: MZ151415,
and T. circumcincta isolate TCSoran: MZ148615.
Seven nematode sequences of the present study were
grouped in two clusters with the relevant reference
sequences from previous studies (Fig. 2).

Discussion

Knowledge of the prevalence and diversity of

helminths in small ruminants is essential to launch
control programs. The prevalence of nematode
infection in the abomasa of examined sheep in
Urmia and Soran cities were comparable to the
other reports from Iran, Iraq, Turkey, Saudi Arabia,
and Syria [17–23]. In Garmiyan and Kurdistan
provinces of Iraq, M. marshalli was the most
prevalent parasite in small ruminants [20]. In Erbil
province, Iraq, H. contortus (22%) and M. marshalli
(4.18%) were reported as prevalent species in the
examined sheep [24]. In Iran and Syria M. marshalli
was the predominant infecting nematode with the
prevalence of 65.4% and 81%, respectively [17,23].
However, in examined animals, T. circumcincta
(40.71%) was found to be prevalent nematode in
Urmia, Iran. In other countries, it was also T.
circumcincta in Turkey (80%) [22], while it was H.
contortus in Pakistan (71.36%) [25]. These
differences in the prevalence of sheep abomasum
nematodes may be due to climate condition. It has
been noted that the relation between rainfalls and
nematode infection was negative for Marshallagia
as the highest prevalence of Marshallagia infection
was in dry areas at the end of the dry-season or in
the beginning of rainy season [26]. 

Obtained results also indicated that the rate of
infection in females was higher than male sheep
(P<0.05). This is in agreement with the previous
studies [27–29] and could be due to the stress during
pregnancy, peri-parturient period and lactating
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Figure 1. Adult forms of detected nematodes in slaughtered sheep in Urmia and Soran cities: (A) Copulatory bursa
and spicules of M. marshalli; (B) Copulatory bursa and spicules of adult male of T. circumcincta; (C) Copulatory
bursa, spicules and less conspicuous gubernaculum (arrow) of M. trifida; (D) Copulatory bursa and fused spicules in
adult male of H. contortus; (E) Existence of cuticular shields and cordons in the cephalic region of P. skrjabini; (F)
Spiral tail in adult males of P. skrjabini



leading to suppression of the immune system.
Genetic predisposition and differential susceptibility
owing to hormonal control in male and female
animals can influence the susceptibility of livestock
to nematode infections [30,31]. 

Molecular biology assays, such as PCR and
DNA sequencing provide reliable identification of
gastrointestinal nematodes up to the species level in
small ruminants [32]. Several ribosomal and
mitochondrial regions in the genome have been
used for the recognition of nematodes. However, the
ITS2 gene region has been used as a valuable
genetic marker for identification of gastrointestinal
nematodes, especially at generic level [33]. The
comparison of the ITS2 sequences of the nematode
isolates in the current study with the other existing
ITS2 sequences of the abomasa nematodes in the

GenBank showed that M. marshalli isolate in Urmia
had 100% homology with M. trifida in Uzbekistan
Tashkent (MT118028.1), 92.7% homology with
Ostertagia from Tabriz, Iran (JQ793891.1) and
86.5% with M. marshalli reported in Hunan, China
(MG011724.1). Teladorsagia circumcincta isolate in
Urmia city had high homology with T. circumcincta
in New Zealand (95.2%; KC998710.1) and T.
circumcincta (96.9%, AY439025.1) reported in
Scotland. Moreover, M. trifida in Urmia had a high
level of similarity with M. trifida in Uzbekistan
(91.7%, MT118028.1), M. marshalli in China
(89.6%, MT193656.1), and O. ostertagi in Japan
(91.1%, AB245023.2).

ITS2 gene sequence of M. marshalli isolate in
Soran city showed 90.1% homology with ITS2 gene
of M. marshalli from Norway (AJ250655.1) and

Figure 2. The evolutionary history was inferred using the Maximum-likelihood method. The tree is drawn to scale,
with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
analysis involved 36 nucleotide sequences
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95.7% similarity with Ostertagia spp. Isolated from
China (HQ844228.1). ITS2 gene similarity of T.
circumcincta from Soran city was 97.9% with T.
circumcincta (MN888739.2) from Fars Province,
Iran, and 98.8% with T. circumcincta (JF680984.1)
from Belfield, Ireland. The partial ITS2 gene of P.
skrjabini isolate from Soran city showed 71%
homology with ITS2 gene of P. skrjabini
(EU375510.1) from China, Inner Mongolia. ITS2
sequence of M. trifida from Soran city uncovered
91.4% homology with ITS2 gene of M. marshalli
isolate from China (MT193656.1) and 92.9%
similarity with Marshallagia trifida (MT118028.1)
isolate from Uzbekistan. 

Few ITS2 gene sequences are available in
Genbank for P. skrjabini to compare with the
current study. Parabronema skrjabini from Soran
city was clustered with P. skrjabini from China,
Inner Mongolia (EU375510). ITS2 region of the
Parabronema is highly variable even in specimens
that are isolated from the same host [34]. 

Sequencing of higher number of nematodes from
different parts of the world and also sequencing of
other regions of the nematode genome such as 28S
rRNA and cox1 genes are necessary for a better
understanding of inter- and intra-specific
similarities. Although the objective of the ITS2
analysis in present study was to confirm the species
diversity, however, our phylogenetic analysis
showed that the morphotypes of Marshallagia were
grouped together in one clade with high level of
homology (e.g. M. marshalli isolate had 100%
homology with M. trifida) highlighting that the
ITS2 region is a suitable marker for exploring the
intra-specific polymorphism within the genus
Marshallagia. This is not in agreement with the
previous studies in Iran and Uzbekistan reporting
that ITS2 fragment is inappropriate marker to
distinguish morphotypes in some trichostrongyloid
nematodes particularly Marshallagia species
[17,35–37].

In conclusion, according to the findings in the
present study, the prevalence of nematodes
infections was high particularly in female sheep and
the species diversity of nematodes in abomasa of
examined sheep was remarkable. Teladorsagia
circumcincta and M. marshalli are respectively the
most abundant species of nematodes in the
abomasum of the examined sheep in Urmia and
Soran cities. In addition, the findings of this study
revealed that the burden of infection and the
diversity of species in Soran city were higher than

Urmia city. The current study was the first
epidemiologic investigation and molecular
identification of sheep abomasal nematodes in
Soran region, Iraq which can be essential towards a
better knowledge of gastrointestinal parasitic
infection among small ruminants in the region.

Acknowledgements

We are thankful to Mr. Shorish M. Grony, Mr. A.
Badali and Mr. A. Pirnejad for technical aids and
sincere assistance in this study. This work was
financially supported by the office of Vice
Chancellor for Research and Technology of Urmia
University, Iran.

References

[1] Rist C.L., Garchitorena A., Ngonghala C.N., Gillespie
T.R., Bonds M.H. 2015. The burden of livestock
parasites on the poor. Trends in Parasitology 31(11):
527–530. doi:10.1016/j.pt.2015.09.005

[2] Stear M., Doligalska M.. Donskow-Schmelter K.
2007. Alternatives to anthelmintics for the control of
nematodes in livestock. Parasitology 134(2):
139–151. doi:10.1017/s0031182006001557

[3] Sim K.A., Hoar B., Kutz S.J., Chilton N.B. 2010.
Amplification of the second internal transcribed
spacer ribosomal DNA of individual trichostrongylid
nematode larvae by nested polymerase chain reaction.
Journal of Veterinary Diagnostic Investigation 22(3):
433–437. doi:10.1177/104063871002200316

[4] Ghasemikhah R., Mirhendi H., Kia E., Mowlavi G.,
Sarmadian H., Meshgi B., Golestan B., Mobedi I.
2011. Morphological and morphometrical description
of Trichostrongylus species isolated from domestic
ruminants in Khuzestan province, southwest Iran.
Iranian Journal of Parasitology 6(3): 82–88.

[5] Roeber F., Jex A.R., Campbell A.J., Campbell B.E.,
Anderson G.A., Gasser R.B. 2011. Evaluation and
application of a molecular method to assess the
composition of strongylid nematode populations in
sheep with naturally acquired infections. Infection,
Genetics and Evolution 11(5): 849–854. 
doi:10.1016/j.meegid.2011.01.013

[6] Nabavi R., Conneely B., Mccarthy E., Good B.,
Shayan P., De Waal T. 2014. Comparison of internal
transcribed spacers and intergenic spacer regions of
five common Iranian sheep bursate nematodes.
Iranian Journal of Parasitology 9(3): 350–357.

[7] Burgess C.G., Bartley Y., Redman E., Skuce P.J., Nath
M., Whitelaw F., Tait A., Gilleard J.S., Jackson F. 2012.
A survey of the trichostrongylid nematode species
present on UK sheep farms and associated anthelmintic
control practices. Veterinary Parasitology 189(2–4):

302 Y. MIRZAEI et al.



299–307. doi:10.1016/j.vetpar.2012.04.009
[8] Iranian Veterinary Organization (IVO). 2015.

[Population of domestic animals of Iran]. 
http://www.ivo.org.ir/portal (in Persian).

[9] Mirzaei Y., Mohammadi C., Ahmad S.F., Hamad
P.M., Samiei A. 2021. Prevalence of intestinal
parasites in raw vegetables consumed in Soran city,
Kurdistan Region, Iraq. Annals of Parasitology 67(2):
275–279. doi:10.17420/ap6702.339

[10] Soulsby E. 1982. Helminths, arthropods and
protozoa of domesticated animals. Lea and Febiger
Publishing Co., London.

[11] Taylor M., Coop R., Wall R. 2007. Veterinary
parasitology. 3rd ed. Wiley and Blackwell Publishing
Co., Chichester, United Kingdom.

[12] Thewarage L.D., Dissanayake D.S., Perera U.S.,
Bandara A.T., Perera B., Wickramasinghe S.,
Rajapakse R. 2020. Morphology and molecular
characterization of Parabronema smithii (Cobbold,
1882) (Nematoda: Habronematidae) from wild Asian
elephant (Elephas maximus maximus) of Sri Lanka.
Acta Parasitologica 65(2): 504–517. 
doi:10.2478/s11686-020-00193-3

[13] Gasser R.B., Chilton N.B., Hoste H., Beveridge I.
1993. Rapid sequencing of rDNA from single worms
and eggs of parasitic helminths. Nucleic Acids
Research 21(10): 2525–2526. 
doi:10.1093/nar/21.10.2525

[14] Leignel V., Cabaret J., Humbert J.F. 2002. New
molecular evidence that Teladorsagia circumcincta
(Nematoda: Trichostrongylidea) is a species complex.
Journal of Parasitology 88(1): 135–140. 
doi:10.1645/0022-3395(2002)08[0135:NMETTC]2.
0.CO;2

[15] Tamura K., Nei M. 1993. Estimation of the number
of nucleotide substitutions in the control region of
mitochondrial DNA in humans and chimpanzees.
Molecular Biology and Evolution 10(3): 512–526. 
doi:10.1093/oxfordjournals.molbev.a040023

[16] Kumar S., Stecher G., Li M., Knyaz C., Tamura K.
2018. MEGA X: Molecular Evolutionary Genetics
Analysis across computing platforms. Molecular
Biology and Evolution 35(6): 1547–1549. 
doi:10.1093/molbev/msy096

[17] Nazarbeigy M., Yakhchali M., Pourahmad F. 2021.
First molecular characterization and seasonality of
larvae of trichostrongylid nematodes in arrested
development in the abomasum of Iranian naturally
infected sheep. Acta Parasitologica 66(1): 193–198. 
doi:10.1007/s11686-020-00274-3

[18] Garedaghi Y., Hashemzadefarhang H., Fattahi A.
2013. Prevalence of abomasal nematodes in sheep
slaughtered at Baneh town. American Journal of
Animal and Veterinary Sciences 8(3): 142–145. 
doi:10.3844/ajavssp.2013.142.145

[19] Nabavi R., Eslami A., Shokrani H., Bokaie S.,
Shayan P., Saadati D. 2011. Study on the prevalence,

intensity and seasonal dynamics of abomasal
helminths in sheep from different climatic zones of
Iran. World Applied Sciences Journal 12(4): 441–445.

[20] Al-Zandee M.T., Essa H., Jabary O.M., Al-Shateri
A.A., Al-Bajalan Y. 2016. Identification of internal
parasites in sheep and goats in Garmiyan
province/Kurdistan Region/Iraq. Journal of Zankoy
Sulaimani (Pure and Applied Science) 18: 43–50. 
doi:10.17656/jzs.1055

[21] Umur Ş., Yukari B.A. 2005. An abattoir survey of
gastro-intestinal nematodes in sheep in the Burdur
region, Turkey. Turkish Journal of Veterinary and
Animal Sciences 29: 1195–1201.

[22] El-Azazy O. 1995. Seasonal changes and inhibited
development of the abomasal nematodes of sheep and
goats in Saudi Arabia. Veterinary Parasitology
58(1–2): 91–98. doi:10.1016/0304-4017(94)00696-A

[23] Giangaspero M., Bahhady F., Orita G., Gruner L.
1992. Summer-arrested development of abomasal
trichostrongylids in Awassi sheep in semi-arid areas
of North-West Syria. Parasitology Research 78:
594–597. doi:10.1007/BF00936458

[24] Ahmed I., Aziz K.J., Abdullah S.O. 2015.
Prevalence of gastrointestinal nematodes parasites
from sheep and evaluation of some anthelminthic
resistance in Erbil governorate. Basrah Journal of
Veterinary Research 14(1): 1–11. 
doi:10.33762/BVETR.2015.99659

[25] Gadahi J., Arshed M., Ali Q., Javaid S., Shah S.
2009. Prevalence of gastrointestinal parasites of
sheep and goat in and around Rawalpindi and
Islamabad, Pakistan. Veterinary World 2(2): 51–53.

[26] Meradi S., Bentounsi B., Zouyed I., Cabaret J. 2011.
The steppe species of gastrointestinal nematodes of
small ruminants, with a focus on Marshallagia:
climate as a key determinant. Parasite 18(3):
261–269. doi:10.1051/parasite/2011183261

[27] Dagnachew S., Amamute A., Temesgen W. 2011.
Epidemiology of gastrointestinal helminthiasis of
small ruminants in selected sites of North Gondar
zone, Northwest Ethiopia. Ethiopian Veterinary
Journal 15(2): 57–68. doi:10.4314/evj.v15i2.67694

[28] Jegede O.C., Adejoh A.A., Obeta S.S., Olayemi
O.D. 2015. Gastrointestinal parasites of sheep and
goats in Gwagwalada Area Council, Federal Capital
Territory, Abuja, Nigeria; with a special reference to
sex, breed and age. Alexandria Journal for Veterinary
Sciences 46(1): 170–176. doi:10.5455/AJVS.177135

[29] Dugassa J., Hussein A., Kebede A., Mohammed C.
2018. Prevalence and associated risk factors of
gastrointestinal nematodes of sheep and goats in
Ziway Dugda District, Eastern Arsi Zone of Oromia
regional state, Ethiopia. ACR Journal of Animal and
Veterinary Science 4(2): 6–14. 
doi:10.20431/2455-2518.0402002

[30] Tariq K., Chishti M., Ahmad F., Shawl A. 2008.
Epidemiology of gastrointestinal nematodes of sheep

Molecular study       303



managed under traditional husbandry system in
Kashmir valley. Veterinary Parasitology 158(1–2):
138–143. doi:10.1016/j.vetpar.2008.06.013

[31] Barger I. 1993. Influence of sex and reproductive
status on susceptibility of ruminants to nematode
parasitism. International Journal for Parasitology
23(4): 463–469. doi:10.1016/0020-7519(93)90034-v

[32] Tan T.K., Panchadcharam C., Low V.L., Lee S.C.,
Ngui R., Sharma R.S., Lim Y.A. 2014. Co-infection
of Haemonchus contortus and Trichostrongylus spp.
among livestock in Malaysia as revealed by
amplification and sequencing of the internal
transcribed spacer II DNA region. BMC Veterinary
Research 10: 1–7. doi:10.1186/1746-6148-10-38

[33] Redman E., Queiroz C., Bartley D.J., Levy M.,
Avramenko R.W., Gilleard J.S. 2019. Validation of
ITS-2 rDNA nemabiome sequencing for ovine
gastrointestinal nematodes and its application to a
large scale survey of UK sheep farms. Veterinary
Parasitology 275:  article number 108933. 
doi:10.1016/j.vetpar.2019.108933

[34] Hasheminasab S.S. 2015. Molecular characterization
of the first internal transcribed spacer of rDNA of

Parabronema skrjabini for the first time in sheep.
Annals of Parasitology 61(4): 241–246. 
doi:10.17420/ap6104.13

[35] Dallas J.F., Irvine R.J., Halvorsen  O. 2001. DNA
evidence that Marshallagia marshalli Ransom, 1907
and M. occidentalis Ransom, 1907 (Nematoda:
Ostertagiinae) from Svalbard reindeer are conspecific.
Systematic Parasitology 50(2): 101–103.
doi:10.1023/A:1011921414269

[36] Hosseinnezhad H., Sharifdini M., Ashrafi K., Atrkar
R.Z., MirjalaliI H., Rahmati B. 2021. Tricho -
strongyloid nematodes in ruminants of northern Iran:
prevalence and molecular analysis. BMC Veterinary
Research 17: 1–12. doi:10.1186/s12917-021-03086-3

[37] Kuchboev A., Sobirova K., Karimova R., Amirov
O., Von Samson-HimmelstjernaI G., Krucken J. 2020.
Molecular analysis of polymorphic species of the
genus Marshallagia (Nematoda: Ostertagiinae).
Parasites and Vectors 13: article number 411. 
doi:10.1186/s13071-020-04265-1

Received 25 October 2021
Accepted 07 February 2022

304 Y. MIRZAEI et al.


